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Micro-machining technology is effectively used in modern manufacturing industries. This paper in-
vestigates the inﬂuence of three different input parameters such as voltage, capacitance and feed rate of
micro-wire electrical discharge machining (micro-WEDM) performances of material removal rate (MRR),
Kerf width (KW) and surface roughness (SR) using response surface methodology with central composite
design (CCD). The experiments are carried out on titanium alloy (Tie6Ale4V). The machining charac-
teristics are signiﬁcantly inﬂuenced by the electrical and non-electrical parameters in micro-WEDM
process. Analysis of variance (ANOVA) was performed to ﬁnd out the signiﬁcant inﬂuence of each fac-
tor. The model developed can use a genetic algorithm (GA) to determine the optimal machining con-
ditions using multi-objective optimization technique. The optimal machining performance of material
removal rate, Kerf width and surface roughness are 0.01802 mm3/min, 101.5 mm and 0.789 mm,
respectively, using this optimal machining conditions viz. voltage 100 V, capacitance 10 nF and feed rate
15 mm/s.
Copyright © 2014, Karabuk University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Micro-WEDM is recognized as an effective machining technique
used in awide range of applications namely automotive, aerospace,
defense, electronics, telecommunications, healthcare, environ-
mental, industrial and consumer products of micro-feature with
micro- and nano-level surface ﬁnish. Micro-WEDM is similar to
macro WEDM process; it transforms electrical energy into thermal
energy for eroding the material. The electrodes are immersed in
dielectric liquid or ﬂowing pressurized dielectric medium. A very
small amount of work materials melt and vaporize by a series of
discharge energy between tool andwork piece. Debris materials are
ﬂushed out from the sparking area by the dielectric ﬂuid. Due to the
contactless process between tool and work piece, any conductive
material can be machined by WEDM regardless of its hardness and
toughness.
Titanium and its alloys are employed in various industries, e.g.,
aerospace, bio-medical, dental, automobile, due to very high
strength, high hardness, low weight and corrosion resistance. The
two phase (a þ b) Tie6Ale4V alloy is the most commonly usedrakasam), hari@annauniv.edu
ity.
duction and hosting by Elsevier Balloy compared to other titanium alloys. However, poor heat con-
ductivity, chemical reactivity, alloying afﬁnity with cutting tool
material, lowmodulus of elasticity, work hardening characteristics,
etc., make titanium extremely difﬁcult to machine by conventional
machining operations [1e8]. Micro-WEDM is recognized as an
effective machining technique used in micro-parts machining for
difﬁcult-to-cut materials using micro-wire tool (brass, copper and
zinc coated copper wire diameter range from 0.03 mm to 0.3 mm)
with advantages of high machining efﬁciency, precision and low
cost.
Kibria et al. [9] performed powder mixed micro-EDM of tita-
nium alloy. Powder mixed deionized water can signiﬁcantly
enhance MRR, tool wear rate (TWR) and surface ﬁnish of micro-
EDM process. Pradhan et al [10] optimized mEDM process by
response surface approach while machining of Tie6Ale4V. The
observed results reveal that the pulse on time was the most
inﬂuential parameter for material removal rate, overcut and taper,
whereas peak current was the factor that affected tool wear rate
the most. Vijay Kumar Meena et al. [11] optimized MRR, TWR and
overcut for current, voltage and frequency using Taguchi based
grey scale methods. Voltage has signiﬁcant effects on output
performance. Somashekhar et al. [12] used artiﬁcial neural
network or optimizing micro-EDM input parameters for MRR.
Aniza Alias et al. [13] performed experiments on titanium alloy for
inﬂuence of machining feed rate in the WEDM process. The results.V. All rights reserved.
Fig. 1. Experimental setup for micro-WEDM.
Table 2
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increasing feed rate whereas Kerf width was decreased. Yan
Cherng Lin et al. [14] studied the effects of electrical discharge
machining with ultrasonic vibration of titanium alloy. MRR was
higher in the material produced by ultrasonic assisted EDM pro-
cess. Li Mao-Sheng et al. [15] performed machining of a deep small
hole in titanium alloy using polarity change. It was reported that
positive polarity was superior to negative polarity. Higher MRR
and lower tool wear were achieved by ﬂushing of dielectric me-
dium. Anil Kumar et al. [16] investigated the inﬂuence of
aluminium powder mixed with electrical discharge machining
process using inconel alloy. The experimental results show that
the size of the particle and its concentration has signiﬁcant effects
in additive mixed EDM process. There are signiﬁcant improve-
ments in material removal rate, reduction of tool wear and surface
ﬁnish using medium mesh size 325 aluminium additive powders.
Various researchers have tried to optimize and investigate the
effects of various input factors and their levels on response vari-
ables like metal removal rate (MRR), tool wear rate (TWR), and
surface ﬁnish in macro-EDM and micro-EDM process [17e21].
However, limited research has been carried out on the micro-
WEDM of titanium alloy, especially machining performances
such as MRR, SR and Kerf width (KW), modeling and material
properties. There is a need for achieving optimal machining in
micro-EDM, it is important to select machining parameters care-
fully for economical machining operation, since machining with
micro-EDM is more expensive than the conventional machining
process. This paper describes the effect of various input parame-
ters of micro-WEDM process using titanium alloy. The effects of
input parameter on machining performance of micro-WEDM such
as material removal rate, Kerf width, surface roughness and sur-
face texture are presented. A multi-objective optimization tech-
nique based desirability approach and genetic algorithm are used
to obtain the optimal combination of machining parameters for
micro-WEDM process.
2. Materials and methods
2.1. Materials
A cylindrical zinc coated copper wire was used as the tool
electrode materials with a diameter of 70 mm and work piece ma-
terial was a thin metal plate of Tie6Ale4V (ASTM Grade 5) thick-
ness of 1 mm, length 5 mm and width 10 mm. The chemical
composition of Tie6Ale4V is presented in Table 1. Commercial
grade EDM oil was used as dielectric ﬂuid.
2.2. Response surface methodology (RSM)
Response surfacemethodology (RSM) is a collection of statistical
and mathematical techniques useful for design of experiments and
optimizing process parameters [22]. RSM was used to predict the
machining performance of micro-WEDM process in terms of ma-
terial removal rate, Kerf width and surface roughness with input
process parameters. The optimal values were obtained from the
RSM based on careful planning and execution. Lin [23] evaluated
the machining characteristic of micro-EDM using response surface
methodology. The central composite design (CCD) is an efﬁcientTable 1
Chemical composition of Tie6Ale4V.
Component Al V Fe O C N H Ti
Weight % 6.08 4.02 0.22 0.18 0.02 0.01 0.0053 Balancetechnique that could be applied to modeling of micro-WEDM in
RSM. The polynomial equation formed from RSM was used to ex-
press the machining performance of the micro-WEDM process as
shown in Eq. (1). In this experiment, machining performance of
MRR, KW and SR were modeled in terms of voltage, capacitance
and feed rate.
y ¼ a0 þ
Xn
i¼1
aixi þ
Xn
i¼1
aiix
2
i þ
Xn
i< j
aijxixj þ ε (1)
where, y is the response surface, xi and xj are the input variables, x2i
and xi and xj are quadratic and interaction terms of input variables,
respectively. The ai, aii and aij are unknown regression coefﬁcients.
The coefﬁcients of the response surface have been estimated by
using the proposed scheme of the box and hunter in the central
composite design. This model ﬁts the second-order response sur-
face very accurately. Replicationwas eliminated to ﬁnding the error
term and the mean square error was estimated by replicating the
center points.
2.3. Experimentation
The experimental work was conducted using DT-110 a three-
axis automatic multi process integrated machining system using
micro-WEDM setup with RC circuit positional accuracy of 0.1 mm.
The experimental setup of micro-WEDM process is shown in Fig. 1.
The different input factors and their level of micro-WEDM process
are depicted in Table 2. Twenty different experimental combina-
tions were chosen at random according to CCD in RSM. It is con-
sists of eight star points, six center points and six axial points as
shown in experimental design in Table 3. The voltage, capacitance
and feed rate are considered as design variables in order to ﬁnd
the optimal machining performance of micro-WEDM process on
titanium alloy.
In the experiments the effects of surface ﬁnish, material removal
rate and Kerf width of micro-WEDM on various input parametersInput parameters and their levels of micro-WEDM process.
Variable Symbol Levels
1 0 1
Voltage (V) A 80 90 100
Capacitance (mF) B 0.01 0.1 0.4
Feed rate (mm/s) C 5 10 15
Table 3
Experimental results for MRR, KW and SR.
Run A B C Material
removal rate,
MRR (mm3/min)
Kerf width,
KW (mm)
Surface
roughness,
SR, Ra (mm)
Voltage
(V)
Capacitance
(mF)
Feed rate
(mm/s)
1 1 1 1 0.0142 104 1.693
2 1 1 1 0.0101 106 2.31
3 1 1 1 0.0185 101 0.724
4 0 0 0 0.0089 107 1.483
5 1 1 1 0.0086 114 1.94
6 0 0 0 0.0091 106 1.483
7 1 1 1 0.0118 105 1.77
8 1 1 1 0.0047 95 0.624
9 0 0 1.68 0.0073 107 1.457
10 0 1.68 0 0.0119 109 2.034
11 1 1 1 0.0059 90 0.56
12 0 0 0 0.0093 106 1.503
13 0 0 1.68 0.0139 99 1.233
14 1.68 0 0 0.0069 101 1.15
15 0 0 0 0.0088 106 1.323
16 0 0 0 0.0092 108 1.537
17 0 0 0 0.0087 107 1.307
18 1 1 1 0.015 102 0.636
19 1.68 0 0 0.0147 111 1.51
20 0 1.68 0 0.0103 90 0.262
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Eq. (2).
MRR ¼ Volume of material removal
Time taken
(2)
The surface roughness values were measured using a noncontact
3D Proﬁler (Talysurf CCI MP) with average of three replications. KW
values were measured by video measuring system. Fig. 2 shows the
image of machining proﬁle and KW of machined components. The
experimental results of machining performance of the micro-
WEDM process are presented in Table 3.
3. Results and discussion
Thediagnostic checkingof thedeveloped response surfacemodel
ofmicro-WEDMprocess has beenperformed usingmodel adequacy,
normality and independence based on residual analysis. The model
adequacy can be decided by the “lack-of-ﬁt” test compares the re-
sidual error to the pure error from the replicated designpoints. If the
model has lack-of-ﬁt it indicates that the model is inadequate. From
theANOVATables 4e6, all the three quadraticmodels (MRR, KWand
SR) are statistically signiﬁcant and lack-of-ﬁt is insigniﬁcant. It canbe
concluded that the developed model equation adequately repre-
sents the true surface. The residual plot for the response parameter
material removal rate is shown in Fig. 3. From Fig. 3 it can be inferred
that the residuals are spread approximately in a straight line, whichFig. 2. Micrographs of machinshows good correlation between experimental and predicted values
and the variable follows the normal distribution. FromFig. 3 it can be
inferred that the errors are normally distributed. FromFigs. 4 and5 it
can be inferred that the residuals are randomly scattered indicating
that they are independent.
The statistical analysis shows that the model developed is fairly
in agreement with experimental data. Coefﬁcient of determination
(R2) values of MRR, KW and SR are 0.9669, 0.9703 and 0.9604,
respectively. ANOVA indicates that the quadratic model of MRR,
KW and SR are statistically signiﬁcant. Insigniﬁcant factors are
eliminated by backward elimination process and reduced model
are presented in Tables 4, 5, and 6, respectively.
Three independent variables, such as voltage (A), capacitance (B)
and feed rate (C) are observed; all the three are major factors,
interaction and pure quadratic term in micro-WEDM affects the
quality of titanium alloy. The second-order polynomial equation is
used to convey the material removal rate (YMRR), Kerf width (YKW)
and surface roughness (YSR) of micro-WEDM process with input
factors namely voltage (A), capacitance (B) and feed rate (C) shown
in Eqs. (3)e(5) respectively. The developed mathematical models
are used to predict the material removal rate, Kerf width and sur-
face roughness using Design Expert Software with a coded unit as
follows:
Model equation of MRR
YMRR ¼ þ8.995E003 þ 2.923E003 * A þ 1.691E003
* C  2.375E003 * A * B þ 6.692E004 * A2
þ 7.753E004 * B2 þ 5.985E004 * C2 (3)
Model equation of KW
YKW ¼ þ106.41 þ1.89 * A þ 5.34 * B  2.23 * C  3.37 * A * B þ 1.38
* A * C  2.60 * B2  1.36 * C2 (4)
Model equation of SR
YSR ¼ þ1.39 þ 0.079 * A þ 0.60 * B  0.083 * C  0.10 * B * C  0.093
* B2 (5)
3.1. Analysis of material removal rate
The main effects and interaction effects of various process pa-
rameters on MRR are presented in Table 4. It is found that the
discharge voltage (A), feed rate (C) interaction term voltage and
capacitance (AB), pure quadratic effect of voltage (A2), capacitance
(B2) and feed rate (C2) have signiﬁcant effect on MRR. Fig. 6 shows
the three-dimensional (3D) response surface of MRR, varying
discharge voltage and capacitance. Fig. 6 shows the tendency of
MRR increase due to increase in voltage and spark energy across
electrode gap and also MRR tends to increase with the increase ined proﬁle and Kerf width.
Table 4
Analysis of variance for MRR.
Source Sum of square Degree of freedom Mean square F value p-Value
Prob > F
Model 0.00021 6 0.000036305 56.98850973 <0.0001 Signiﬁcant
A e Voltage 0.000116677 1 0.00011668 183.128941 <0.0001
C e Feed rate 3.90721E05 1 3.9072E05 61.32498507 <0.0001
AB 0.000045125 1 4.5125E05 70.82517759 <0.0001
A2 6.45381E06 1 6.4538E06 10.12946876 0.0072
B2 8.66175E06 1 8.6617E06 13.59490254 0.0027
C2 5.16199E06 1 5.162E06 8.101917022 0.0138
Residual 8.28272E06 13 6.3713E07
Lack-of-ﬁt 8.00272E06 8 1.0003E06 17.86321066 0.0028 Not signiﬁcant
Pure error 0.00000028 5 5.6E08
Cor total 0.000226138 19
Table 5
Analysis of variance for KW.
Source Sum of square Degree of freedom Mean square F value p-value
Prob > F
Model 729.82 7 104.26 55.9215 <0.0001 Signiﬁcant
A e Voltage 48.80 1 48.80 26.1787 0.0003
B e Capacitance 389.71 1 389.714 209.0284 <0.0001
C e Feed rate 67.91 1 67.91 36.4254 <0.0001
AB 91.125 1 91.125 48.8758 <0.0001
AC 15.125 1 15.125 8.11245 0.0147
B2 98.45 1 98.45 52.8065 <0.0001
C2 27.05 1 27.055 14.5112 0.0025
Residual 22.375 12 1.864
Lack-of-ﬁt 19.03 7 2.719 4.07992 0.0704 Not signiﬁcant
Pure error 3.333 5 0.66666
Cor total 752.2 19
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vaporization occurs while temperature rises in the work piece
materials. The material removal rate is inﬂuenced by a discharge
energy which is based on nature of electrical and thermal con-
ductivity of the work piece materials. Surface roughness has a
tendency to increase with increase in MRR. It has been found that
the MRR gradually increases but then it decreases within the work
interval due to high gap pollution and insufﬁcient ﬂushing condi-
tions at high levels of voltage and capacitance 0.4 mF. The higher
value of MRR 0.0185 mm3/min is achieved with voltage ¼ 100 V,
capacitance ¼ 0.01 mF and feed rate ¼ 15 mm/s within the experi-
mental range. The contour plot of voltage and capacitance for
predicting the MRR is depicted in Fig. 7, keeping the feed rate as
constant to a value of 10 mm/s.
3.2. Analysis of Kerf width
According to ANOVA shown in Table 5, the most signiﬁcant
parameters with respect to Kerf width are discharge voltage (A),Table 6
Analysis of variance for SR.
Source Sum of square Degree of freedom
Model 5.2525 5
A e voltage 0.0845 1
B e capacitance 4.8626 1
C e feed rate 0.2521 1
BC 0.0822 1
B2 0.1280 1
Residual 0.19206 14
Lack-of-ﬁt 0.1436 9
Pure error 0.0484 5
Cor total 5.4446 19capacitance (B), feed rate (C) interaction of voltage and capacitance
(AB), voltage and feed rate (AC), pure quadratic effect of capacitance
(B2) and feed rate (C2). From the Figs. 8 and 9, it can be concluded
that minimum Kerf width can be achieved using low discharge
energy and constant stable discharge circumstance. This will
improve the dimensional accuracy and reduction of radius while
cutting a corner in micro-machined components. It is also observed
that increase in the voltage leads to an increase in discharge energy
and hence KW increases. Similarly, the KW tends to increase with
increase in capacitance and also at some point KW decreases. Fig. 9
shows the two-dimensional contour plot of voltage and capaci-
tance when feed rate remains ﬁxed at 10 mm/s. The lower value of
KW 87 mm is observed with the parameter combinations of
voltage ¼ 80 V, capacitance ¼ 0.01 mF and feed rate ¼ 15 mm/s.
3.3. Analysis of surface roughness
Based on ANOVA shown in Table 6, it is found that the discharge
voltage (A), capacitance (B), feed rate (C), interaction termMean square F value p-value
Prob > F
1.0505 76.572 <0.0001 Signiﬁcant
0.0845 6.1615 0.0264
4.8626 354.44 < 0.0001
0.2521 7.8954 0.0132
0.08221 5.992 0.0282
0.12806 9.3350 0.0086
0.013719146
0.0159 1.646 0.3027 Not signiﬁcant
0.00969
Fig. 3. Normal probability plot.
Fig. 5. Residual versus order of experimentation.
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itance (B2) have signiﬁcant effect on the SR.
Figures 10 and 11 show the three-dimensional (3D) response
surfaces and contour plot of surface roughness, varying capacitance
and feed rate. It shows that when capacitance increases, the SR
parameter tends to increase noticeably. The observation results
show that the better surface ﬁnishes at lower level capacitance and
rough surface at higher-level capacitance. This is because capaci-
tance has most signiﬁcant effect on discharge energy. High voltage
and capacitance result in rough surface because of the formation of
a larger crater as a fraction of the molten material is ﬂushed away
by dielectric while overheated molten metal evaporates. A ﬁne
value of Ra (262 nm) is achieved at voltage 90 V, capacitance 10 nF
and feed rate of 10 mm/s.
3.4. Multi-objective optimization of response parameters by
desirability approach
The main aim of the present study is ﬁnding the optimal
machining conditions of micro-WEDM process. The response sur-
face optimization based on desirability analysis is an ideal tech-
nique for ﬁnding the optimal machining condition of micro-WEDM
process. Here the goal is to maximize the material removal and
minimize the Kerf width and surface roughness. Desirability
approach helps us to map between the predicted response ‘y’ andFig. 4. Residuals versus predicted values.desirability function ‘d’. The desirability value varies from 0 to 1. If
the desirability value is zero it indicates that predicted value is
completely undesirable and the desirability value of one is the idle.
The desirability of corresponding response increases as the value of
d increases. The one-sided transformation desirability function of
maximization for MRR as shown in Eq. (6) andminimization of Kerf
width and surface roughness as shown in Eq. (7)
d ¼
8<
:

y ymin
ymax  ymin
wt 8<
:
0/y  ymax
ymin  y  ymax
1/y  ymax
(6)
d ¼
8<
:

y ymax
ymin  ymax
wt 8<
:
1/y  ymin
ymin  y  ymax
0/y  ymax
(7)
where, d is a desirability function of y, ymin and ymax are lower and
upper limits of response value of ‘y’, respectively, wt is weight,
which can be varied from0.1 to 10 to adjust the shape of desirability
function. An overall desirability function D (0  D  1) is deﬁned as
the geometric mean of individual desirability functions. The multi-
objective function is a geometric mean of all transformed responses
of single objective problem shown in Eq. (8). The higher the D value
is the better desirability of the combined response levels.
D ¼ ðd1  d2 / dnÞ1=n (8)Fig. 6. Surface response of MRR.
Fig. 7. Contour plot of MRR.
Fig. 8. Surface response of KW.
Fig. 10. Surface response of SR.
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function in conjunction with response surface methodology. The
ranges of input parametre viz voltage, capacitance and feed rate.
The goal is tomaximize thematerial removal andminimize the KerfFig. 9. Contour plot of KW.width and surface roughness. The weight values are assigned for
MRR, KW and SR as one and equal importance given to each
response.
A set of 26 optimal solutions is derived for the speciﬁed design
space constraints (Table 7) for material removal rate, Kerf width
and surface roughness using Design expert statistical software. The
set of conditions possessing highest desirability value is selected as
optimum condition for the desired responses. Table 7 shows the
optimal set of condition with higher desirability function required
for obtaining desired response characteristics under speciﬁed
constraints.3.5. Multi-objective optimization of response parameters by genetic
algorithm
Genetic algorithm is evolutionary algorithm using genetic op-
erations to ﬁnd the optimal solution based on natural genetics and
natural solution [24,25]. The search can be established by several
paths simultaneously. Each element in the population is called
chromosome. The chromosome represents a feasible solution
containing strings as genes. The current population is replaced by a
new chromosome while evolution process occurs. The offspring isFig. 11. Contour plot of SR.
Fig. 12. Pareto-optimal front.
Table 7
Set of optimal solutions for micro-WEDM process.
Number Voltage Capacitance Feed rate MRR KW SR Desirability
1 1 1 1 0.0178 101.51 0.797 0.735 Selected
2 0.99 1 1 0.0177 101.47 0.797 0.735
3 0.99 1 1 0.0177 101.45 0.796 0.735
4 0.98 1 1 0.0177 101.39 0.796 0.734
5 1 1 1 0.0178 101.53 0.798 0.734
6 0.96 1 1 0.0176 101.28 0.794 0.734
7 1 1 1 0.0178 101.52 0.799 0.734
8 0.94 1 1 0.0174 101.13 0.793 0.734
9 0.93 1 1 0.0173 101.07 0.792 0.733
10 0.92 1 1 0.0173 101.01 0.791 0.733
11 0.93 1 1 0.0173 101.07 0.794 0.732
12 0.88 1 1 0.0170 100.74 0.788 0.732
13 1 1 0.97 0.0177 101.63 0.797 0.731
14 0.99 0.99 1 0.0176 101.52 0.805 0.730
15 1 0.98 1 0.0177 101.63 0.809 0.730
16 0.8 1 1 0.0165 100.16 0.781 0.729
17 1 1 0.94 0.0176 101.71 0.796 0.728
18 1 1 0.94 0.0176 101.72 0.796 0.728
19 0.66 1 1 0.0156 99.28 0.771 0.722
20 1 1 0.86 0.0174 101.99 0.795 0.718
21 1 1 0.83 0.0173 102.09 0.794 0.714
22 1 0.9 1 0.0174 102.22 0.867 0.704
23 1 1 1 0.0144 103.23 0.761 0.628
24 1 1 0.56 0.0147 103.78 0.769 0.626
25 1 1 0.76 0.0146 103.59 0.766 0.625
26 0.49 0.93 1 0.0094 92.46 0.727 0.581
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generated chromosome. The new population is created by three
main operators such as reproduction, crossover and mutation.
The ﬁtness function is used to evaluate the chromosome which
is derived from the objective function. The chromosome will be
selected for new population generation which as high ﬁtness
among the parents and offspring's. This process can be repeated
until stopping criteria speciﬁed by the user.
The main aim of the present study is multi-objective optimi-
zation of micro-WEDM process for maximizing MRR, minimizing
the surface roughness and Kerf width. GA multi-objectiveTable 8
Optimum machining conditions.
Response Goal Desirability Optimum combination
A (V) B (mF) C (m
MRR Maximum 0.735 100 0.01 15
KW Minimum 0.735 100 0.01 15
SR Minimum 0.735 100 0.01 15optimization tool is used for solving a bound constraint problem.
The developed mathematical model is used as objective function;
upper and lower bounds are assigned as shown in Eq. (9).
Objective function
minimize f ¼ ðð MRRÞ; Surface roguhness;Kerf widthÞ (9)
Subjected to 80  A  100; 0:01  B  0:4; 5  C  15.
MATLAB (2012a) is used for the analysis, the number of itera-
tions has been carried out to indentify the range of process
parameter for ﬁnding the optimal machining performance ofGA Predicted value RSM Predicted value Actual value
m/s)
0.01809 0.0178 0.01802
101.522 101.50 101.5
0.793 0.797 0.789
Fig 13. 3D Surface and roughness parameters.
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mization process is as follows: population size: 20; no. of genera-
tion: 200; crossover rate: 0.8; crossover function: two point;
mutation function: constraint dependant; migration: forward;
migration fraction: 0.2. The Pareto-optimal front obtained is shown
in Fig. 12.
Themulti-objective optimized values of micro-WEDMprocess is
shown in Table 8. The ﬁnal step is validation of results. The
conﬁrmation test was conducted at optimal machining conditions.
The predicted values and experimental values are found to be in
good agreement within 95% conﬁdence intervals. Fig. 13 shows 3D
surface and roughness parameters under optimal machining
conditions.4. Conclusion
This paper presented multi-objective optimization process pa-
rameters of micro-WEDM of titanium alloy using response surface
methodology and genetic algorithm.
The statistical analysis (ANOVA) highlighted that the major
inﬂuencing machining parameter considered in this study im-
proves machining performance of micro-WEDM process. The
mathematical modeling was presented for predicting optimal
condition of material removal rate, Kerf width and surface rough-
ness and statistically validated by ANOVA.
ANOVA test results show that two machining parameters
voltage (A), feed rate (C), interaction of voltage and capacitance (AB)
and pure quadratic effect of all the three machining parameters
have signiﬁcant inﬂuence onmaterial removal rate of micro-WEDM
process. The voltage, capacitance, feed rate, interactions term ofvoltage and capacitance (AB), voltage and feed rate (AC) and pure
quadratic effect of capacitance (B2), feed rate (C2) have signiﬁcant
effect on Kerf width. The three machining parameters voltage (A),
capacitance (B), feed rate (C), interactions of capacitance and feed
rate (BC) and pure quadratic effect of capacitance (B2) have signif-
icant effect on surface roughness. The multi-objective optimization
of all three responses namelyMRR, SR and Kerf width are presented
using desirability approach and genetic algorithm.
The optimal machining performance of titanium alloy cloud be
achieved is at voltage of 100 V, capacitance of 0.01 mF and feed rate
of 15 mm/s. This parameter combination in higher material removal
rate could equal to 0.0182 mm3/min, lower Kerf width of 101 mm
and minimum surface roughness of 0.789 mm.References
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